Abstract Trees that characterized many agricultural landscapes across Europe are declining, despite the recent revival of agroforestry research and increasing direct payments for their maintenance. Therefore, in addition to field experiments, there is a need for transdisciplinary research in close alliance with local farmers. This paper proposes a three-step participatory design and assessment approach, incorporating local innovation and scientific evidence. To our knowledge, this is the first participatory and bioeconomic analysis of farmerdesigned agroforestry systems in Europe. First, an exploratory survey of farmers' innovations in Switzerland was conducted together with a literature review. Based on the survey, 14 representative agroforestry practices were defined for the bioeconomic assessment, focusing on walnut (Juglans hybr.) and wild cherry (Prunus avium). The predictions of long-term yields were made with the Yield-SAFE model, and the profitability was assessed using the Farm-SAFE model. The survey results suggested a lack of local knowledge on key ecosystem services provided by agroforestry. It is therefore recommended to apply the concept of ecosystem services, in order to support the design of multifunctional agriculture and to increase the willingness to pay for its services.
Introduction
For much of human agricultural history, trees in agricultural landscapes have been used to provide a range of ecosystem services including physical products. However, agriculture has changed enormously in the second half of the last century, driven by agricultural policy and technological progress. Trees that characterized many agroecosystems across the globe have been lost to a large extent (Palang and Fry 2003; Kumar and Nair 2006) .
Until the 1950s, Swiss landscapes have also been characterized by agroforestry practices (Bürgi and Stuber 2003) . Silvopastoral and silvoarable practices called Streuobst have drastically declined similar to other European landscapes (Herzog 1998) . The postwar policy of agricultural modernization discouraged the continued maintenance of trees on agricultural land and actively financed their felling (Ewald and Klaus 2010) . Consequently, of the approximately 14 million trees standing in agricultural land in Switzerland in 1951, only 2.9 million trees were left in 2001 (BLW 2011) . The simplification of agricultural landscapes resulted in a general impoverishment of ecosystem services that benefit society, namely habitat, regulation, and cultural ecosystem services (McAdam et al. 2009 ). A national vote in 1996 showed that 78 % of the Swiss public would support a transition towards low input and multifunctional agricultural landscapes. Consequently, in recent years, agricultural policy has increasingly made efforts to reduce agricultural externalities and improve the provision of ecosystem services. In this regard, a major challenge is the development of innovative farming systems, which can meet the demand for multifunctional service provision while remaining productive and profitable.
While tropical agroforestry research has enjoyed much attention (Nair 1993; Kumar and Nair 2006) , it is only recently that temperate agroforestry research has gained some momentum. As part of this, experimental plots have been established on research stations in a number of European countries and these results have been instrumental in the development of agroforestry models that can simulate tree and crop interactions Keesman et al. 2011) . The preliminary results indicate that temperate agroforestry in Europe tends to be more productive than conventional arable and grassland systems and that it can be a profitable alternative to business as usual ). Agroforestry can combine high productivity with a wide range of other ecosystem services (Palma et al. 2007a, b, and c; Kaeser et al. 2010; Briner and Lehmann 2011) . Furthermore, trees in agricultural landscapes are popular (Schüpbach et al. 2009 ).
Despite the revival of research interest, and increasing direct payments for the maintenance of agroforestry practices, the decline of farm trees and hedgerows is still ongoing in many European landscapes (Eichhorn et al. 2006) .
One way of increasing the adoption and maintenance of modern agroforestry systems is to ensure that research builds on local knowledge and cultural landscapes (Wettasinha and Waters-Bayer 2010) . Farmers have their particular ways of designing agroforestry systems as well as marketing their goods and services. Therefore, in addition to field experiments, there is a need for transdisciplinary research in close alliance with local farmers. Little is known, for example, of farmers owning agroforestry innovations to solve current agronomic challenges. This paper proposes a participatory farming system design and assessment approach, incorporating local innovation and scientific evidence. A case study is presented exploring the features, productivity, and profitability of modern agroforestry practices in Switzerland (Fig. 1) . To our knowledge, this is the first participatory and bioeconomic analysis of farmerdesigned agroforestry systems in Europe.
The objective of this study is to explore the productivity and profitability of Swiss agroforestry practices. Through a transdisciplinary approach, building on local innovation and scientific understanding, the following questions were investigated:
1. What are the features of farmers' agroforestry innovations in Switzerland? 2. Are Swiss agroforestry systems productive? 3. Can agroforestry be profitable given current prices and payments for ecosystem services?
Prior to the present study, an integrated survey was conducted involving 50 randomly selected Swiss farmers, to explore their behavior and preferences with regard to adopting agroforestry (Sereke 2012) . The results suggested that modern farmers often view agroforestry as difficult to manage as well as unproductive and unprofitable.
Material and methods
Methodologically, this study combined participatory fieldbased research with generation of scientific evidence. The following research steps were undertaken:
1. Classification of features and functions of Swiss agroforestry practices, building on the concept of ecosystem services (McAdam et al. 2009 ); 2. Simulation of long-term yields of representative agroforestry practices with the Yield-SAFE model ); 3. Assessment of profitability using the Farm-SAFE model ).
The main target region was the Swiss central lowland region (Swiss plateau), where the greatest loss of farm trees and biodiversity has been observed due to intensive agricultural practices (BAFU and BLW 2008) .
Classification of Swiss agroforestry
The exploratory survey was conducted between 2007 and 2009. Farmers were identified at workshops and through contacts with experts. Twenty-one semi-structured interviews were conducted on-farm, and the questionnaire covered socioeconomic, technical, and agroecological aspects of the agroforestry practices.
For classifying the agroforestry practices, we modified and applied a European classification approach (McAdam et al. 2009 ). The classification categories were components, spatial and temporal arrangement, agroecological zone, socioeconomic features, and ecosystem services. Ecosystem services included production, habitat, regulation, and sociocultural benefits. Potential ecosystem services were identified on the basis of national (where available) and other European publications on temperate agroforestry. Each agroforestry practice was described in a factsheet and a database containing social, biophysical, and economic data. These factsheets have been subsequently used for extension workshops and practice-oriented publications. Based on this survey, 14 representative options were defined for the bioeconomic assessment, focusing on walnut (Juglans hybr.) and wild cherry (Prunus avium).
Biophysical assessment
Due to lack of field data in Switzerland, the equations for the Yield-SAFE model ) previously implemented by Graves et al., (2011) in a spreadsheet-based Microsoft Excel© model called Plot-SAFE, were used to estimate long-term crop and tree yields for a full tree rotation.
The Yield-SAFE model is a daily time-step model and uses seven differential equations to describe the temporal dynamics of (1) tree biomass, (2) tree leaf area, (3) number of shoots per tree, (4) crop biomass, (5) crop leaf area index, (6) heat sum, and (7) soil water content. Daily weather data are required to drive the Yield-SAFE equations, including data on daily solar radiation (megajoules per square meter), mean daily temperature (degrees Celsius), and daily rainfall (millimeters). Crop and tree parameters were developed using a combination of literature and model calibrations, while soil parameters were provided from a classification of the hydraulic properties of European soils (Wösten et al. 1999) . Further data required to run the model include data on management decisions, for example, concerning tree species, planting density, year of tree thinning, number of trees thinned, crop species, and crop rotation. The Yield-SAFE modeling method and application in various European countries has been described by Graves et al. (2007 Graves et al. ( , 2010 , Keesman et al. (2011), and Palma et al. (2007a, b, c) .
The model was calibrated for the lowland plateau in Switzerland using the following steps. Daily weather data for Zurich (solar radiation (megajoules per square meter), mean daily temperature, and daily precipitation (millimeters) were supplied by the Federal Office of Meteorology and Climatology (MeteoSwiss). The weather data showed that the area could expect an annual average precipitation of 1,086 mm. With an altitude of 556 m and a geographical position (8°34′/47°23′), these are typical site conditions for the Swiss plateau. Similarly, average soil conditions were assumed with a soil depth of 100 cm and medium-fine texture.
In a two-stage calibration process, the model was initially calibrated for "potential" yields of a range of crop and tree systems, which were limited by light and temperature (but not water) for the Atlantic and Mediterranean regions of Europe. Then, using these parameters for potential tree and crop growth, three parameters (management factor, harvest index, water use efficiency) were adjusted to calibrate the model against locally measured "reference" yields, but, this time, under water-limiting conditions. The final tree and crop parameters are shown in Graves and Sereke (2014) .
Average lowland crop yields (Lips and Ammann 2006) were used for the reference crop calibrations, with 5.6 t ha −1 for winter wheat and 3.0 t ha −1 for oilseed ( For calibrating the potential growth of wild cherry (Table 2) , published tree growth tables were used from the nearby and climatically similar region of South Germany (Spiecker 1994) . These data showed that a timber volume of 1.07 m 3 tree −1 for year 60 could be achieved for forestry trees.
We assumed an initial planting density of 816 trees ha −1 , regularly thinned to a final density of 100 trees. For walnut (Table 2) , the calibration for French yield data was used as local data were not available. In this, the assumed tree volume was 0.99 m 3 tree −1 in year 60 for a walnut forestry system, planted at an initial density of 210 trees ha −1 and thinned twice by 55 trees.
Since the model did not include a fruit component, annual fruit yields were based on local fruit yield data, with average yields of 32 kg tree
Unpublished report) for walnut and 41 kg tree −1 for wild cherry (farmers data, not published). The management factor, pruning height, and tree line widths were adjusted to simulate the growth, shape, and management of fruit trees in order to determine their impact on intercrop growth and yield. Generally, lower tree densities result in higher timber and fruit yields per tree, as the trees have more space to grow larger. The relative productive advantage of the agroforestry system in comparison to growing the annual and perennial systems separately was examined using the land equivalent ratio (LER). The LER has been defined by Ong (1996) as "the ratio of the area under sole cropping to the area under the agroforestry system, at the same level of management that gives an equal amount of yield." LER ¼ Tree yield agroforestry Tree yield forestry reference þ Crop yield agroforestry Crop yield agricultural reference When the LER is calculated to be greater than 1, then there is a productive advantage to growing trees and crops in an agroforestry system. Where the LER is less than 1, the opposite is true, and there is a productive disadvantage to growing the trees and crops in an agroforestry system. Here, more than one crop was used in the rotation, and therefore, a time-based proportionally weighted ratio for each crop was developed over the 60-year rotation.
Economic assessment
Based on the predicted yields and local economic data, the profitability was calculated using the Farm-SAFE model . The Farm-SAFE model was developed in a Microsoft Excel spreadsheet using distinct worksheets to contain the key components of the economic analysis. For example, a primary worksheet called "Option and results" controls worksheet for selecting the scenarios and inputs and presenting the results. Input worksheets comprised physical yield data in worksheets labelled "Arablesystem," "Forestrysystem," and "Agroforestrysystem," and also four financial data worksheets were labelled "Arablefinance," "Treevalue," "Treegrant," and "Treecost." For further details of the Farm-SAFE model, the reader is referred to Graves et al. (2011) .
As tree planting is a long-term enterprise, future income and expenditure was discounted and aggregated to obtain the net present value (NPV). This is described by the following equation:
where NPV was the net present value (Swiss francs (SFr) per hectare) of the agricultural reference or the agroforestry land For timber yield, the final tree volume harvested in year 60 is shown. As the cost and revenue values change within the 60-year tree rotation, the values in year 30 are presented. Depending on the agroenvironmental scheme the farmer participates in, 15 or 45 SFr tree −1 is currently available in Switzerland use options, R t is the profit from the enterprise (including subsidies) in year t (SFr per hectare), V t is the variable costs in year t (SFr per hectare), A t is the assignable fixed costs in year t (SFr per hectare), T is the time horizon (years), and i was the discount rate. A discount rate of 3.5 % was used, as this has been the opportunity cost of capital assumed for previous economic studies on Swiss orchards (Alder 2007) . In order to compare tree species with different rotations, the model was also developed to calculate an infinite NPV (NPV Infinite , unit: euros per hectare), this being the NPV defined over an infinite time horizon, in which each replication has a rotation of n years (Eq. 2):
NPV was also expressed as an annuity value, the "equivalent annual value" (EAV, units: euros per hectare per annum) (Eq. 3):
For the economic assessment, a database based on the field survey and published literature was established, describing local crop and tree management, costs, revenues, and directpayment regimes. The data for the arable cropping system (Lips and Ammann 2006) and the grassland system (Dux 2008, Unpublished report) were supplied by the local research station for agricultural economics (Table 1 ). The reference scenario for grassland is natural grassland, including two intensities: round bale silage for high input and fresh grass harvesting for low input. In both systems, no direct costs are involved such as for seeds, fertilizer, and phytosanitary. As fertilizer, we assumed liquid manure, which has no financial value.
Data for walnut production were provided by the local research station for fruit production (Maurer et al. 2008 , Unpublished report), with a reference walnut fruit price of 5 SFr kg −1 ( , trees well maintained, and specific ecological quality standards met. The extra labor and material costs to meet the habitat quality criteria were considered in the NPV calculations. Hence, our direct-payment scenarios compared the basic tree direct payments (15 SFr tree −1 ) with the accumulated ecological payments for trees (45 SFr tree −1 ).
Definition of scenarios
Scenarios were defined to reflect, to some extent, the uncertainty of future prices as well as possible strategies of agroforestry farmers. One pessimistic price scenario was defined as low fruit prices are a main risk for the profitability of Swiss agroforestry practices (Alder 2007) . Similarly, the price of high-value timber depends on the timber quality and on changing consumer trends. The survey identified two marketing strategies followed by the farmers. The first was the product innovation strategy, with direct marketing of innovative regional specialties. The second approach was the upcoming ecosystem services strategy where the farmers aimed to market ecosystem services through participation in the ecological direct-payment scheme. Some farmers managed to more or less combine both strategies, but still they were assessed separately to analyze their specific cash flow performance. Additionally, hence, the following scenarios were defined:
1. BASIC_A: Baseline scenario, with basic direct payments (15 SRF tree −1
) and average tree product prices; 2. BASIC_P: Basic direct payments and pessimist tree product price (−10 %); 3. BASIC_O: Basic direct payments and optimist tree product price (+10 %), representing the tree product innovation strategy; 4. ECO: Ecological innovation scenario, with payments for ecosystems services (45 SRF tree
) and average tree product price, representing the ecosystem services strategy.
Results and discussion

Classification of Swiss agroforestry
Our exploratory survey and literature review yielded an inventory of 21 tree-crop or tree-grass combinations (Table 3) . Traditional orchards are characterized by widely spaced standard fruit trees of old varieties. They are commonly located in the lowland and hilly regions of Switzerland.
In the silvopastoral group (SP1 to SP9), trees are intercropped with fodder grass which is grazed or cut for haymaking. The silvoarable case (SA1 to SA3) is hardly found nowadays. There, trees are intercropped by arable crops (vegetables, winter wheat, winter barley, oilseed, grain maize, forage maize, and sunflower).
The hedgerow or windbreak (WB) systems are typical examples of diverse landscapes of the pre-alps. However, today remnant hedgerows are often not actually part of the farm holding which may explain their neglect by farmers.
Forest-grazing systems (FG1 to FG7) mainly occur in the (lower) mountainous regions. Some of these (FG1 to FG4) are revitalized traditional chestnut orchards, which mainly occur on the south facing slope of the alps. Others (FG5 to FG6) are representative of the Jura Mountains (where Switzerland and France share borders), where free-ranging cattle and horses graze in a semi-open landscape with characteristic, freestanding (mostly coniferous) trees. The forest-grazing practice FG7 is a 500-year-old remnant of the formerly widespread oak forest-grazing system and is now protected for cultural and natural heritage. In contrast, "forest garden" FGA is a recent innovation and combines crops, shrubs, and tall trees (Vogt 1999) .
These findings for Switzerland echo the situation in much of Europe, where only remnants of formerly widespread temperate agroforestry practices continue to exist in a declining state (Herzog 1998; Eichhorn et al. 2006) .
The interviewed farmers were generally more interested in fruit than in timber production. Timber was also produced but mainly in the forest-grazing systems. The understory was also a source of revenues through arable crops or fodder production as well as through livestock products.
A promising example for product innovation was the wild cherry innovation (SP1). The farmer produces highvalue wild cherries for the local processing and liquor industry, while the intercropped pasture is mown and grazed by livestock. The walnut silvopastoral system (SP6) was another promising innovation. In both cases, farmers managed to sell their tree products at well above the average prices. Hence, various design options of these two promising innovations were further assessed with the bioeconomic models.
The habitat function provided by agroforestry is the main ecosystem service scientifically recognized in Switzerland (BAFU and BLW 2008; Kaeser et al. 2010 ) and other parts of Europe (McAdam et al. 2009 ). With regard to shelter for livestock, obtaining this service is the main motivation why Swiss farmers plant trees (Sereke 2012) .
Notably, no studies were found on the soil and groundwater conservation potential of agroforestry in Switzerland.
However, in European studies, the potential of agroforestry to tackle these issues has been highlighted (Lehmann et al. 1999; ). The potential to help counter climate change by sequestering atmospheric carbon (C) in Switzerland has hardly been explored (Briner and Lehmann 2011) , whereas in Europe, studies have examined the possible role of farmland trees in this context ).
The deep connection of Swiss people with trees is illustrated by the tradition of planting a tree for each newborn child (Lurker 1976) . The tree of life park (SP7) offers this service. The price is 50 SFr −1 with a 20-year contract; afterwards, the child decides how to proceed. Streuobst landscapes with native fruit trees and hedges are the most popular components of Swiss cultural landscapes (Schüpbach et al. 2009 ). According to our review, the most recognized ecosystem service provided by agroforestry was biodiversity. Lack of local data was identified for other ecosystem services, such as soil conservation and groundwater protection. The first strategy to incorporate ecosystem services has been suggested recently (Staub and Ott 2011) . Hence, a systematic valuation of ecosystem services in the agricultural economy is needed, which would recognize the benefits of multifunctional farming systems. The importance of valuing ecosystem services is a matter of international concern (Termorshuizen and Opdam 2009 ).
Biophysical assessment
Definition of representative agroforestry practices
The survey yielded diverse agroforestry designs with various tree species. In order to assess their productivity and profitability, we established a typology, focusing on Juglans hybr. and P. avium as two of the most popular tree species, which can be used for both nut/fruit and timber production. Both tree species were planted by seven and four surveyed farmers, respectively. Their suitability for agroforestry has been assessed in other temperate regions of Europe Dupraz and Liagre 2008) . For both tree species, various design options and direct-payment scenarios were assessed, following the main design strategies identified by the survey.
According to our observations, most farmers' choice is fruit production combined with fodder production or pastures. In contrast, recent agroforestry research in temperate European regions indicates that high-value timber production and silvoarable agroforestry can also be profitable Dupraz and Liagre 2008) . Hence, the two tree management options were considered for the assessment. The intercrop options were silvopastoral and silvoarable intercropping.
Regarding tree density, farmers planted trees in low and high densities. Therefore, low-density (40 trees ha −1 ) and high-density (70 trees ha
) options were defined. In mechanized agroforestry, trees are planted in rows and the row distance should fit the maximum machinery width (12 m in Switzerland). We assumed a tree strip width of 2 m for pruned timber trees and of 4 m for fruit trees, due to their larger crowns. A tree distance within the rows of 10 m was assumed, which is suitable for both production systems.
This results in eight alley cropping schemes for a given tree species, representing both the widespread silvopastoral and the less frequent silvoarable systems. For cherry, the combination of fruit production with arable crops was discarded, due to conflicting harvest periods. A typical crop rotation was assumed with oilseed/winter wheat/rotational grassland/ winter wheat. The grassland was managed through a common mechanized cut and carry system, where silage bales are produced for high-quality forage.
Yield assessment
The four assessed tree-crop combinations were timber-arable (TA), fruit-arable (FA), timber-grassland (TG), and fruitgrassland (FG) with either 40 or 70 trees ha
. Figure 2 shows four silvopastoral combinations with wild cherry trees and four silvoarable combinations with walnut trees. These examples show how the relative intercrop yields steadily declined during the 60-year cropping cycle under wild cherry (Fig. 2a) and walnut trees (Fig. 2c) . The corresponding timber (T) yields are demonstrated in Fig. 2b, d . The high-density options (70 trees ha ). Under the high-density conditions, continuous cropping for 60 years was not feasible. Hence, according to the NPV calculations, low-input silvopastoralism was assumed when the profitability of highinput intercropping was not profitable anymore. Similar results were found by Dupraz and Liagre (2008) who recommend a low tree density (<50 trees ha −1 ) if continuous intercropping is planned. Similarly, fruit trees had a greater impact on the intercrop than timber trees which are pruned to achieve long straight stems. The pruning reduces light competition and also allows a minimum tree line width (of 2 m). Of the 14 simulated agroforestry options, 12 had a land equivalent ratio greater than 1 (Fig. 2e) , indicating that the trees and intercrops of most of the agroforestry options were more productive when grown together than separately (LER> 1). The LER was systematically higher for the cherry systems, timber options, and high tree densities. The two practices with an LER of less than 1 were walnut FG40 (LER=0.95) and walnut FA40 (LER=0.99). The highest LER was achieved by the cherry options FG70, TA70, and TG70 with 1.30, 1.30, and 1.29, respectively.
The predicted LERs indicate that combining tree and crop production increases the overall productivity of the land. Higher levels of productivity in agroforestry systems compared with cropping or forestry systems were also found for other European countries ). Thus, a farmer wishing to produce both a tree and intercrop component from his land would achieve greater productivity using an agroforestry system than by separating crops from trees. This contradicts the average farmer's view that agroforestry is less productive than crop or grass production in pure stands (Sereke 2012 ).
Economic assessment
Tree component
The interviewed farmers developed two main strategies to improve the profitability of their agroforestry practices: innovative marketing of tree products and/or profiting from maximum payments for ecosystem services. Under the baseline condition (BASIC_A), 8 out of 14 of the agroforestry practices were economically competitive after 60 years, compared to the respective non-agroforestry references (Table 4) . Under the pessimistic assumption (BASIC_P), the reduction of the tree product price by 10 % had a significant impact on the profitability, particularly for the fruit-producing systems. A premium product price increase by 10 % (BASIC_O) turned ten agroforestry practices more competitive. The ecological innovation scenario (ECO) was the only strategy where 100 % of the agroforestry practices were more profitable than the monoculture.
Most interviewed farmers were interested in fruit production. This finding contrasts with most recent research publications, which focused on high-value timber (van der Dupraz and Liagre 2008) . According to our results, both systems have advantages and disadvantages.
The advantages for the timber system are lower investment costs and more space below the tree canopies, which is critical today with regard to the large farming machines. In contrast, the fruit option provides regular income, which makes the high-density fruit agroforestry practices more profitable. The disadvantage is that mechanization is still underdeveloped for such intercropped orchard systems. Another risk for the fruit system is the low average fruit prices for tree products (Alder 2007) . However, the product innovation strategy shows that farmers can find niche markets such as high-quality premium products or local specialties. For this reason, walnut production currently has a great potential in Switzerland due to high market prices for the fruits and the high-value timber.
The long and expensive establishment phase of trees is a major disadvantage of agroforestry systems. This is particularly the case with fruit production, due to higher planting and maintenance costs. Therefore, we recommend introducing establishment payments to create incentives for planting trees.
In most cases, the simulated silvoarable options were more profitable than the corresponding silvopastoral options. This is surprising as silvoarable practices are largely abandoned today (see classification results above). Other European studies have confirmed that silvoarable practices can fit into modern farming schemes in a productive and profitable way Dupraz and Liagre 2008) .
The economic analysis showed the importance of payments for ecosystem services. With a payment of 15 SRF tree −1 , agroforestry practices are likely to be unprofitable, particularly with low tree product prices (Alder 2007) . The recently introduced ecological payment scheme of 45 SRF tree −1 is needed to help farmers to cover the tree maintenance costs. However, how effective are payments for ecosystem services, given the ongoing levels of payments for production?
Historically, direct-payment systems of many European countries, including Switzerland, supported specialization in agricultural production and, thus, are considered to have resulted in the abandonment of multifunctional agroforestry practices (Eichhorn et al. 2006) . Currently, the balance remains in favor of payments for conventional cropping and livestock production, which in Switzerland is approximately 80 % of the total direct payments (Bosshard et al. 2010) .
Interestingly, our research found that Swiss farmers do not often make use of the increased payments available for ecosystem services. In the case of agroforestry, most farmers only received a minimum of 15 SRF tree −1 (Sereke 2012) . Modern farmers often argued that they preferred to be food producers ). The land equivalent ratios (LERs) for the 14 agroforestry practices (e) rather than to be (ecological) direct-payment receivers. However, it is worth noting that until the 1950s trees were popular components of Swiss agriculture (as their fruits were valued by the local population).
Because of the resistance to payments for ecosystem services, the recovery of markets for fruits may provide a more sustainable way of encouraging farmers to plant trees. However, we also suggest that it is important to show farmers how agroenvironmental development programs can meet their expectations and needs. In this way, farmers will then be motivated to make use of agroenvironment payments, such as those available for trees, because they will recognize that multifunctional agroecosystems lead to improved profitability and sustainability of their farming systems as well as provide benefits for the environment and the rest of society (Altieri 1999) .
Crop component
In the previous section, we examined the sensitivity of the agroforestry system to changes of the tree component revenues in a series of scenarios. Here, the sensitivity of crop revenue changes in the agroforestry and non-agroforestry reference systems is assessed using sensitivity analysis. The impact of declining or increasing crop revenues on the net present value was undertaken by altering the original revenue values by plus or minus 10-50 % (Fig. 3) . The arable reference was compared to the walnut timber (TA) silvoarable practices for 40 and 70 trees ha . The high sensitivity of the arable reference to changing crop revenues is shown, compared to the agroforestry practices. The sensitivity analysis indicates that mixing trees and crops helps mitigate the financial risks associated with production if crop prices fall, as the Table 4 Net present value (SFr per hectare, 3.5 % discount rate) 10, 30, and 60 years after tree planting for the four scenarios: (a) baseline (BASIC_A), (b) pessimist (BASIC_P), (c) optimist (BASIC_O), and (c) ecological innovation (ECO) For the tree-crop combinations timber-arable (TA), fruit-arable (FA), timber-grassland (TG), and fruit-grassland (FG) with 40/70 trees ha −1 . The references are the arable rotation (oilseed/winter wheat/rotational grassland/winter wheat) and pure grassland stands . NPV (1000×SFr ha −1 ) revenue sources are diversified. This is not only valid for cropping agriculture but also for other strategies which are based on a single product such as timber or fruit plantations.
The results suggest that crop revenues would have to increase by approximately 10 % before the non-agroforestry reference becomes as profitable as the more densely planted (70 trees ha −1 ) agroforestry system. In Switzerland, however, the increasing free trade policy is expected to significantly decrease the crop production revenues (Mack and Flury 2006) . In this context, the analysis suggests that the more widely spaced (40 trees ha −1 ) agroforestry system will become more profitable if crop prices decrease by approximately 10 %. These and other risk reduction potentials of agroforestry practices have also been identified by other authors (Kumar and Nair 2006) .
Conclusion
The three-step participatory design and assessment approach presented in this paper identified living examples of productive and profitable agroforestry practices. However, we also identified agroecological and economic challenges which may explain why agroforestry is not popular anymore. Based on our agroforestry design and bioeconomic assessment exercise, the following recommendations can be made. There is need for the following:
& Promoting the concept of ecosystem services, to better understand the diverse ecosystem services provided by agroforests and to increase the willingness to pay for these services; & Coproducing agroecological knowledge, including both farmer and scientific perspectives, to support the design of productive and multifunctional farming systems. For example, most interviewed farmers only considered fruit production combined with grassland, despite recent scientific evidence that high-value timber combined with arable crops represents further productive options; & Recovering the markets for tree products to encourage farmers to plant trees, and the introduction of establishment payments to cover the long establishment phase.
Still, the unanswered question is why most farmers in Switzerland still resist the adoption of agroecological measures, such as restoring farm trees, despite the availability of competitive ecological direct payments. Hence, further indepth surveys should be undertaken to fully understand the multiple drivers of farmers ' behavior. This is one of the few participatory studies of modern agroforestry systems in Europe, based on a limited number of agroforestry practices and on model estimations. Hence, long-term field experiments to further validate our model predictions are needed. After decades of neglect, there is a need for a wide range of research and development to promote the development of profitable and sustainable agroforestry systems.
